INTRODUCTION
The TEMPEST system was developed by CRC AMET in the 1990's for shallow to deep geological mapping applications. It has been used for a range of exploration targets including; uranium, groundwater, base minerals and geological mapping. When initially launched in 2000, the system operated with the following specifications (Lane, et al., 2000) :
• 25Hz base frequency with a 50% duty cycle square wave of 40 ms period • Processed via deconvolution to a 100% duty cycle square wave • 20 ms half-cycle binned into 15 windows • Calculated receiver bird position Over the last decade the system has undergone a range of software and hardware modifications. In the early 2000's the coil suspension system was improved resulting in a significant reduction in coil motion and base noise levels. In the late 2000's a research project was initiated to further investigate potential improvements to the suspension system. To date this project has provided positive results and is undergoing continuing field trials. Along with developments to the suspension system, monitoring systems have also been expanded. The system is now capable of independently monitoring transmitter manoeuvre, motion of the receiver bird and three-axis motion of the receiver coils. These monitoring systems directly advance the systems' ability to compensate for variations in transmitter and receiver positions.
Through general maintenance and upgrade the system has evolved using improved electronic components and engineering procedures. These advances have delivered improvements to noise levels and considerably improved the operational stability of the system.
In recent years research has been focussed on software development and system enhancements. It is anticipated that current research will yield new or improved TEMPEST based systems in the coming years. The TEMPEST software has been upgraded to provide further customisation and expanded capability. These developments have made possible the option for an altered processing approach, customisation of base frequency and windowing to provide optimal target detection dependent on local geology. In this article we will discuss the consequences of using different base frequencies and processing approaches and highlight geological settings in which they may be of most benefit.
METHOD AND RESULTS
Until recently the TEMPEST system operated only at a 25Hz base frequency. In 2012, test surveys were completed using multiple system base frequencies. This article will explore three of the tested base frequencies (12.5, 25, 75 Hz) using two different processing approaches (deconvolved B-field and dB/dt).
SUMMARY
Since its inception in 2000, TEMPEST, a fixed wing time domain electromagnetic (TDEM) system, has been used in mineral, environmental and groundwater exploration and regolith and salt mapping. The versatility of the system can be attributed to its broad operational bandwidth, multifaceted software approach and distinctive calibration technique which allows both early and late time ground response to be imaged.
In the last decade the system has undergone a range of hardware and software developments with the aim of satisfying the changing landscape of geophysical exploration. Recent developments have resulted in improved system compensation, spatial resolution and noise levels which have helped further expand the system's applications.
Forward and inverse modelling results and survey data are used to demonstrate the impact of recent developments on enhancing the system's ability in a range of geophysical environments and exploration targets.
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The processing approach can significantly alter the interpretability of features in electromagnetic data. In the late 1990's Smith and Annan (1998) and Wolfgram and Thomson (1998) explored the differences of dB/dt and B-field data. They concluded that dB/dt data is of greatest advantage for weakly conductive targets and Bfield appropriate for conductive regimes or highly conductive targets. In a recent article Christensen and Lawrie (2012) compared the B-field TEMPEST system to the dB/dt SkyTEM system. In their comparison the B-field was superior in the later times and dB/dt superior for the shallow layering.
The selection of a systems' base frequency is a compromise between: sensitivity to low and high frequency variation, minimum widowing width and stacking width. For example a lower base frequency would provide a longer off-time; however would result in the system being more sensitive to low frequency variation, reduce stacking and possibly compromise shallow spatial resolution.
We present a range of model parameters outlined in Table 1 . This model has been designed to consist of moderately conductive shallow layers and highly conductive deeper layers. It has been broadly based on the conductivity distribution present in the Perth basin.
Layer number
Conductivity (mS/m) Thickness (m)  1  10  50  2  200  10  3  300  20  4  30  100  5  1000  50  6  50  100  7  3000  20  8 10 As presented in Christensen and Lawrie (2012) we define noise using three terms; bias, additive and multiplicative. This method provides a measure of the noise present in processed data. The bias noise is determined by the mean of the high altitude background line and the additive noise is the standard deviation of the bias. The high altitude background is a calibration line flown before and after each flight. It is flown at a height sufficient to ensure it is outside of the EM ground response. The line provides a measure of the EM system response. The multiplicative noise is a measure of repeatability of the system. It is calculated by comparing collected data for multiple repeat lines. A multiplicative noise of 1.7% will be used for all systems as designated by Christensen and Lawrie (2012) . The bias and additive noise terms used for each gate are presented in figures 1 and 2. These noise data were collected on a recent 25Hz survey. All three noise terms are related via equation 1.
(1) where d is the modelled data, m is the multiplicative noise term, b is the bias noise term and a is the additive noise term. The AIRBEO modelling software from CSIRO (Chen & Raiche, 1998; Raiche, 1998) was used for the forward and inverse modelling. For the purpose of this modelling, all three base frequency systems contain the same windowing widths. With the assumption that the stacking width remains unchanged, we apply a noise multiplier to the 25Hz noise terms based on equation 2.
(2) where N 0 is the number of transients within the 25Hz base frequency stack and N is the number of transients within the other base frequency stack.
From equation 2, we determine that the 12.5 Hz base frequency has noise multiplier of 1.4 and 75 Hz base frequency a noise multiplier of 0.58.
We undertook forward modelling for each system base frequency. Using the forward model we added the noise term (equation 1) scaled using a Gaussian distribution. This resulted in 100 stations for each modelled system perturbed by a Gaussian distributed noise term. For each case we calculated the inverse model using the vertical EM component. A 10 layer, 20 mS/m half space starting model with power-law layer thickness expansion was used for the inversions. By analysing the importance factor calculated by AIRBEO we were able to determine how each conductivity and thickness parameter influences the signal response. For this analysis we treat the importance as a factor analogous to the layer resolvability. By averaging the importance factor for all inverted stations we found the average importance for a range of noise perturbed cases. The results from this process are presented in figures 3 and 4. For simplicity we have only plotted the layer thickness importance factor. In most cases the layer resistivity importance factor is the same as the thickness importance factor for conductive layers but lower for resistive layers.
Model results
For the 75Hz base frequency system we are able to better resolve the first conductive layer however are unable to resolve layers below the second conductive layer. This is applicable to both the dB/dt and B-field cases and highlights the advantage of the reduced noise floor in the higher base frequency. The 12.5Hz base frequency system is similar to the 25Hz base frequency system for the shallow layers, however is superior for the deeper layers. This highlights the advantage of a longer off-time. To attempt to better understand the results presented in figures 3 and 4, we undertook further inversion runs using a many layer model. The result from this analysis is presented in figures 5 and 6. The inversion confirms the result from the importance analysis but also highlights the advantage of B-field at resolving the deeper layers and dB/dt at defining the shallower layers.
The 75Hz system is able to well resolve the shallow layer conductivities and thicknesses. In the 75Hz dB/dt case the position and thickness of the first three layers is better resolved. The 25Hz and 12.5Hz systems show a similar resolvability for shallow layer thicknesses and conductivities. The B-field data show improved resolvability for layer 7. The 12.5Hz system shows better resolvability specifically in terms of layer thickness in the layer 7 B-field result. 
Discussion
The importance factor and inversion analyses provide similar conclusions. With all inversion analyses the difficulty is determining the "true" solution. This "true" solution is concealed by the non-linear influences of the inversion algorithm and the starting model. Here we have tried to improve confidence in our inversion results by presenting an alternative analysis method, the importance factor, and iterating over 100 noise perturbed stations.
The processing approach results agree with those presented in Wolfgram and Thomson (1998) , Smith and Annan (1998) and Christensen and Lawrie (2012) . Generally dB/dt is most effective at resolving shallow layering and B-field most effective for deeper conductive targets.
A high base frequency was shown to be superior in cases where the decay reduced into noise by the end of the off-time. In such cases the greater number of transient stacks provides a lower relative noise floor which translates to a better definition of the layer conductivity and thickness. For the lower base frequency, the longer off-time resulted in a greater sensitivity to deeper layers. Due to the reduced number of transient stacks the ability to detect these deeper layers is limited by the surrounding geophysical setting and layer conductance.
The new system configurations provide for a more tailored TEMPEST survey approach. For shallow resistive regimes, the higher base frequency dB/dt data would be superior and provide greatest confidence in resolving conductivity contrasts and layering. However in highly conductive regimes or for detection of deep conductive targets, the lower base frequency B-field data would provide the ability to penetrate deeper and improve detection.
CONCLUSIONS
Research and development efforts have improved the flexibility and customisation of the TEMPEST system. This paper focussed on the systems' recent ability to operate at non-25Hz base frequencies and the application of an alternate processing approach. This has highlighted the ability of the higher base frequency dB/dt TEMPEST system to resolve features in shallower resistive geology and the lower base frequency B-field system to resolve features in deeper more conductive geology.
Current research is centred on software and hardware developments. It is anticipated that through ongoing development the TEMPEST system can further broaden its scope and applicability. Future research will be focussed on altering window widths in an effort to determine if vertical resolution can be improved by
